Abstract: In the field of cosmetic development we have put our efforts mainly on Consumer interview and understanding of physical properties of products, to repeatedly obtain Consumer's purchase intent. However, we have recognized that the methodology contributes to confirmation of product benefit and to formulas screening, but it does not necessarily bring product innovation. Delivering innovation in cosmetic development requires more in-depth understanding of in-use performance of products at molecular level or from the chemical point of view. This paper proposes a new approach of "Molecular Affective Engineering" which measures in-use product performance from macroscopic to microscopic levels in different order of magnitude, to sharply identify key elements to impact on an affective mind.
INTRODUCTION
In the field of Kansei/Affective Engineering (Kansei is Japanese but ISASE uses affective engineering. So, hereafter I will use affective engineering without mentioning it.), understanding of sensory experience driving emotion starts with consumer interview. Then the sensory experience is objectively measured by physical and mechanical methods, to translate the consumer's words into technical meanings. It helps us confirm the product benefit and screen formulas. However, the sensory experience is not discussed in chemical or molecular level, which is needed to deliver innovation in cosmetic development. Conversely, Instrumental Analysis has been well developed to dig into molecular and even atomic level phenomena for many years. But the application to Affective Engineering looks to be out of scope yet. If Affective Engineering is equipped with the field of Instrumental Analysis, we could sharply identify key elements to drive consumer's emotion in molecular level, bringing breakthrough innovation in Cosmetic development.
SENSORY EXPERIENCE AND MEASUREMENT SCALE (ORDER OF MAGNITUDE)
In case of skin care cream, the sensory experience in product usage includes the following 4 steps [1, 2]; 1) Opening the package and the container 2) Pick-Up -the removal of the product from the container 3) Rub-Out -the application of the product to the skin 4) After Feel -the evaluation of the effect of the product on the skin. We evaluate and feel the product by using the multiple human senses. The step 1 is the first touch point with the product. Appearance of the package and the container creates the first impression such as luxury and KAWAII. The usability of the container is another factor. The step 2 is the first interaction between the product and the finger. Appearance, smell and texture impact on the perception. The step 3 is the point of the interaction among the finger, the product and the face skin. It is the process of structure deformation of the product by spreading. In addition, absorption, penetration and evaporation take place in the step. In the step 4, stickiness, smoothness and bounciness of the skin are the key factors to be evaluated [3] .
The phenomena taken place in each step impact on emotion and eventually on purchase intent, and they need to be understood and measured in various scales, to reflect consumer preference into formulas. The pick-up and the rub-out are mainly the processes of structure deformation of the microemulsion product via shear thinning or shear thickening defined as rheological properties [4] . The properties determine the application feel of the product such as spreadability and softness [5] , greatly impacting on emotion.
After feel is evaluated by touching face. Smoothness or stickiness of skin is assessed by friction force or cohesion force at the interface between face and finger. The physical properties depend on deposition of the key ingredients, which is smaller scale phenomenon [6] . The skin bounciness is character of visco-elastic property of skin in millimeter-micrometer scale. But it is provided by penetration of moisturizing molecules.
MEASUREMENT TECHNOLOGIES
Here measurement technologies are introduced by order of magnitude.
1 Centimeter -Millimeter

1. 1 Friction Force
KES Surface Tester [7] was originally designed to measure hand touch feel on textile surface. It has been reapplied to surfaces of skin and hair for many years. I-Tester of Trinity-Lab Co., Ltd includes the specially designed finger probe [8] which allows us to measure surface friction in a way of actual finger stroke.
The field of haptic technologies has made a great progress along with the progress of VR (Virtual Reality) technologies in recent years [9] . For example, the finger sensor developed by Tanaka et.al., [10] enables us directly measuring tactile feel based on skin-propagated vibration. Techtile tool kit [11] measures sound generated by stroking and patting. We are able to differentiate tactile feel by the frequency profile among dry feel, wet feel and sticky feel, etc.
Cohesion Force
Stickiness corresponds to cohesion force between finger and face. The application feel method developed by TOYOBO [12] allows us to measure the stickiness as applied force to separate a finger from a face surface.
Elasticity
In-vivo tool to measure skin elasticity is very limited.
YAWASA developed by Sakuma and Tec Gihan Co., Ltd. is the in-vivo tool to sensitively measure skin visco-elasticity [13] .
2 Millimeter -Nanometer
2. 1 Rheology
Application of the product is the process of structure deformation of the microemulsion product. The increase or decrease of viscosity is measured as a function of shear force, which corresponds to shear thickening or shear thinning property [5] . Rigidity and recovery of the structure are also measured as visco-elasticity. These properties are highly related with the application feel. The area to measure in-use rheological properties of the cosmetic products is specifically called as psycho-rheology [14] . Rheometers which allow us to sensitively measure rheological behavior by mimicking in-use condition are produced by TA Instrument Inc.,Vacuum) for mimic skins, TOF-SIMS [25] provides elemental mapping of the adsorbed species.
Morphology of adsorbed molecules is obtained by AFM [26] in-situ and by SEM in UHV.
2 Penetrated Molecules
Confocal laser Raman spectroscopy [27] is the technique to enable us depth profiling of molecules. It detects penetration of key ingredients such as moisturizers and emollients as well as water content in epidermis.
Another technique is Nano-IR [28] which enables us molecular mapping with nano-level spatial resolution by combing FTIR with AFM. However, it is applicable only to cross-sectioned sample such as hair cross-section, not to in-vivo measurement of skin for now.
CONCLUDING REMARS
Here the proposal for the molecular affective engineering was explained by taking the 2 moments [29] of SMOT (the second moment of truth) and TMOT (the third moment of truth) in the sensory experience of the skin care cream. However, FMOT (the first moment of truth) is sometimes the most important moment to induce strong emotion and to accelerate the purchase intent. In the moment, information by eyes and nose is a more dominant factor to attract consumers. Package design and fragrance sound to be a matter of art or a matter of psychology. But introducing optical effect to the package and developing novel fragrance by molecular design are also the matters of the molecular affective engineering. So the molecular affective engineering plays key roles through whole the sensory experience, enabling us to develop innovative products.
The approach of the molecular affective engineering is also important in the other categories such as textile and paper products. The hand feels of the products; HARI (body/compressibility), KOSHI (bendability) and NUMERI (surface) depend on molecular structures and surface morphology of the fibers assembled. Appearance of the textiles is also a key factor to impact on perception. The textiles with the same color give us different impressions. It is explained by difference of the complex micro-components derived by the methodology of Mathematical Morphology [30] .
Back to the1950s, Watson, Crick, Franklin and Wilkins co-discovered the double helix structure of DNA using X-ray crystallography [31] , which formed the basis for modern biotechnology so called as molecular biology. The molecular level approach furthermore resulted in a significant progress in biology such as DNA cloning and genome analysis.
Lastly I emphasize the importance of this approach to equip Affective Engineering with the molecular level understanding by the Instrumental Analysis, to bring not only innovations into the development of the consumer products but also further evolution of Affective Engineering.
Affective Engineering is the science for emotion of human-beings, where tacit knowledge is translated into explicit knowledge. Connected research among multi-academic areas; psychology, physics, chemistry, VR, physiology and neuroscience is required in the process of unraveling emotion.
In this paper I sowed "seeds" of "Molecular Affective Engineering". I hope that buds will come out soon and hope to grow up to build a system of Kansei/Affective Engineering by raising it further in the future. Today, Kansei/Affective engineering is being discussed across various fields, and its unified academic system has not been constructed. In that sense as well, the development of Molecular Affective Engineering will be expected more and more from now on.
